T radiTionally, lumbar stenosis is treated with an open decompressive laminectomy, a foraminotomy, or fusion. 2, 6, 8, 9 Recently, minimally invasive spinal surgical methods have developed to improve preservation of the surrounding normal anatomical structures, such as the muscles and ligaments. 5, 9, 11 Microscopic bilateral decompression via a unilateral approach has been used in the treatment of lumbar spinal stenosis.
T radiTionally, lumbar stenosis is treated with an open decompressive laminectomy, a foraminotomy, or fusion. 2, 6, 8, 9 Recently, minimally invasive spinal surgical methods have developed to improve preservation of the surrounding normal anatomical structures, such as the muscles and ligaments. 5, 9, 11 Microscopic bilateral decompression via a unilateral approach has been used in the treatment of lumbar spinal stenosis. 9, 11 Percutaneous endoscopic interlaminar decompression for lumbar stenosis remains a challenging procedure even for an experienced endoscopic surgeon. 3, 12 Additionally, vision is restricted and technical difficulties can arise in spite of using a microscope or uniportal spinal endoscope. Our technique of percutaneous biportal endoscopic decompression (PBED) is a modification of percutaneous uniportal interlaminar epidural endoscopic surgery. The PBED method is based on the same operative technique as other surgical procedures, such as ipsilateral microscopic laminotomy and bilateral decompression, with patients in the prone position. Compared with open microscopic spinal surgery, the PBED technique can reduce muscle injury and allows excellent visualization of the contralateral traversing root. In this article, we introduce and describe the technique for PBED in the treatment of lumbar spinal stenosis.
methods
We performed PBED at 12 levels (from L2-3 to L5-S1) on 3 cadavers before clinical application. We have performed more than 50 cases of endoscope-assisted laminotomy and discectomy for lumbar disc herniation. After accumulating experience with the biportal endoscopic procedures, we started PBED for lumbar spinal stenosis.
equipment used in the percutaneous biportal endoscopic procedure
During the procedures, we used a 3.5-mm spherical bur (Conmed Linvatec), 0° 4-mm-diameter arthroscope (Conmed Linvatec), bipolar flexible radiofrequency probe (Ellman Trigger-Flex probe, Ellman International), 3.5-mm VAPR radiofrequency electrode (DePuy Mitec), serial dilators, a specially designed dissector, a pressure pump irrigation system (Smith & Nephew, Inc.), and standard laminectomy instruments, such as hook dissectors, Kerrison punches, and pituitary forceps (Fig. 1) .
Surgical procedure
The PBED procedure is similar to a knee arthroscopic or thoracoscopic surgery. Two portals were used: one portal was used for continuous irrigation and endoscopic viewing and the other portal was used for insertion and manipulation of the instruments used in decompression procedures (e.g., laminotomy and complete removal of the ligamentum flavum) (Figs. 1 left and 2 ). The procedures were performed under general or epidural anesthesia with the patient in a prone position, with a Jackson table or radiolucent Wilson frame used to minimize abdominal pressure. A waterproof surgical drape was applied after induction of anesthesia.
The target pathological stenotic level was identified under fluoroscopic guidance. The exact target point was the intersection between the lower lamina margin and 1 cm lateral to the ipsilateral spinous process, as determined through the associated lateralizing symptoms. In the absence of lateralizing signs or symptoms, a left-sided approach is preferred for a right-handed surgeon. A 1.0-cm skin incision (caudal portal) was made vertically above the target point (Fig. 2) . A K-wire was introduced through the skin incision in the direction of the target point. Serial dilators were inserted toward the lower lamina. Following removal of the dilators, a specially designed dissector was moved to the lower lamina. Interlaminar soft tissue was dissected laterally to the medial margin of the facet capsule. A second 1-cm incision for the endoscope (cranial portal) was made by transverse insertion of a cannula 6 mm in diameter, approximately 2-3 cm above the upper edge of the first caudal skin incision (Fig. 2) . A 0° endoscope was inserted through the cranial portal after insertion of the cannula. A saline irrigation pump was connected to the endoscope and set to a pressure of 20-30 mm Hg during the procedure; a continuous flow of saline solution irrigation saline is essential to prevent excessive elevation of the epidural pressure. Surgical instruments were inserted through the caudal working portal.
After triangulation with the endoscope and instrument and control of minor bleeding, radiofrequency probes were used for debridement of the soft-tissue remnants overlying the lamina and ligamentum flavum. Following complete exposure of the lower lamina and ligamentum flavum in the targeted interlaminar space, an ipsilateral partial laminotomy was performed under magnified endoscopic vision, using a 3.5-mm drill with soft tissue protection and Kerrison punches (Fig. 3) . The endoscopic anatomical view was very similar to the microscopic view of a posterior midline unilateral laminotomy. The ipsilateral ligamentum flavum was removed until full mobilization of the lateral border of the nerve root was achieved. The upper border of the lower lamina is removed for the ipsilateral foraminotomy as needed. Contralateral decompression can be performed at high magnification and with a good endoscopic field of vision (Figs. 4 and 5). Complete removal of the contralateral ligamentum flavum and sublaminar decompression were performed using a Kerrison punch and curette. The endoscope was moved to the contralateral side by taking advantage of muscle and skin elasticity rather than adjusting the patient's position or performing additional skin incisions. Contralateral decompression was performed until the contralateral descending nerve root was identified and decompressed (Fig. 5) . If a patient is symptomatic and has ipsilateral disc herniation, it is possible for the surgeon to perform a discectomy under endoscopic view. The level of neural decompression was assessed by normal respiratory-induced dural pulsation and confirmed with endoscopic viewing and use of a blunt probe (Fig. 5) . Epidural bleeding was controlled by adjusting the pump pressure and coagulation with flexible radiofrequency probes. The skin incisions were closed after removal of the instruments and endoscope (Video 1). video 1. The video presentation of percutaneous biportal endoscopic decompression for lumbar stenosis. Ipsilateral partial laminotomy was performed under magnified endoscopic vision, with a 3.5-mm soft tissue protected drill and Kerrison punches. The ipsilateral ligamentum flavum was removed until full mobilization of the lateral border of the nerve root was achieved. In addition, complete removal of the contralateral ligamentum flavumand sublaminar decompression were carried out with a Kerrison punch and curette under endoscopic vision. Copyright Leon Wiltse Memorial Hospital. Published with permission. Click here to view.
patient population and clinical outcome analysis
Our inclusion criteria were as follows: single-level lumbar spinal stenosis, neurological intermittent claudication or radicular leg pain refractory to conservative management for at least 12 weeks, and the absence of significant instability such as spondylolisthesis. We excluded patients with instability, multilevel spinal stenosis, previous lumbar surgery, spinal infections, ossification of the ligamentum flavum, and traumatic lesions such as compression fractures. We enrolled only patients who underwent follow-up for more than 12 months after PBED. A total of 96 patients have prospectively undergone PBED since March 2012. Among them, 58 were enrolled in our study. We performed a retrospective review of our case series. The following clinical parameters were assessed: Oswestry Disability Index (ODI), visual analog scale (VAS) score for leg pain, modified Macnab criteria (excellent, good, fair, and poor), operative time, and complications related to the operation. Preoperative and postoperative ODI and VAS at final follow-up were compared. We performed this investigation in accordance with our institutional guidelines, which comply with international laws and policies (institutional review board of The Leon Wiltse Memorial Hospital).
Statistical analysis
Statistical analysis was performed using the Wilcoxon rank sum test; p < 0.05 was considered statistically significant. We used R 3.1.2 for Windows for the statistical analysis.
results
We performed bilateral decompression via a unilateral approach using percutaneous biportal endoscopy (Figs. 5 and 6). The mean operative time for 1 level was 68.9 ± 16.1 minutes. The study participants comprised 18 men and 40 women. The mean age was 63.4 ± 7.4 years. The mean follow-up period was 13.8 ± 3.3 months. The disc levels that were operated on ranged from L3-4 to L5-S1: L3-4 in 9 cases; L4-5 in 44 cases; and L5-S1 in 5 cases ( Table 1 ). The postoperative mean ODI was significantly improved from 67.2 ± 11.7 to 24.3 ± 8.5 at final follow-up (p < 0.05) ( Table 2 ). There was a significant decrease in postoperative mean VAS for leg pain from 8.3 ± 1.1 to 2.4 ± 1.1 at final follow-up (p < 0.05) ( Table 2 ). Based on the Macnab criteria, 47 of the 58 patients (81.0%) had a good or excellent result, 7 patients had a fair result (12.1%), and 4 patients had a poor result (6.9%). One of the patients who had poor results was found to have diabetic neuropathy following a postoperative electrophysiological study, and another patient had degenerative scoliosis. The other 2 patients had incomplete decompression of the contralateral area, which was revealed by postoperative MRI. One patient received a transforaminal lumbar interbody fusion due to incomplete decompression and foraminal stenosis 13 months postoperatively.
We converted from the PBED procedure to conventional microscopic surgery in 3 patients during the learning curve of 20 cases. Endoscopic surgery was converted to open microscopic surgery in 2 patients with severe dura adhesions of the ligament flavum, and 1 patient with dural tearing during our early experience.
There were no serious complications related to surgery. Accidental dural tears occurred in 2 patients. One patient was treated with primary sutures under microscopy, and the other patient was treated by clipping under endoscopy. Three patients complained of postoperative headache and neck pain, which was managed with analgesics and bed rest. Postoperative headache occurred after using a large volume of irrigation fluid in 2 patients and after a dura tear and CSF leakage in 1 patient. Transient numbness of the leg occurred in 2 patients, and postoperative epidural hematoma developed in 1 patient; these 2 conditions spontaneously resolved with conservative management.
discussion
Although a conventional open decompressive laminectomy is a standard and effective treatment for lumbar stenosis, anatomical supporting tissues, such as muscles and Surgical damage of surrounding tissues can lead to postoperative back pain and muscle atrophy. 4, 9 Moreover, secondary postoperative instability after decompression can cause pain, and additional fusion surgery may be needed. 2 As a result, minimally invasive surgical techniques have been developed to reduce the damage to surrounding tissues.
2,9-11 Microscopic unilateral laminotomy with bilateral decompression via a unilateral approach has been used in degenerative lumbar stenosis, with good postoperative outcomes reported. However, disadvantages of a microscopic approach include the need for dissection of muscle and minor difficulties in contralateral visualization in patients who are obese or stocky. Additionally, as the microscopic approach restricts the surgeon's view to outside the spinal canal and limits the range of motion for surgical instruments, an extensive laminectomy and adjustment of the patient's position may be necessary to achieve the necessary decompression of the contralateral traversing nerve root during the procedure. Recently, single-portal endoscopic decompression has been attempted. 12 However, surgeons have yet to become familiar with the single-portal endoscopic decompression approach, and incomplete decompression is a possible outcome.
The PBED approach combines the advantages of standard open surgery and endoscopic spinal surgery. This technique is a modification and fusion of translaminar endoscopic decompression and microscopic unilateral laminotomy with bilateral arthroscopic decompression. The PBED approach allows the surgical area to be viewed at high magnification and enables a good field of vision of the contralateral, sublaminar, and foraminal areas (Figs. 4 and 5) . The contralateral sublaminar space can be easily viewed by shifting the endoscope without the need for additional skin incisions or an adjustment of the patient's position (Figs. 4 and 5) . Moreover, the surgical endoscopic view is similar to that in conventional microscopic surgery. Therefore, the anatomical view of PBED will be familiar to the spinal surgeon, which may help in learning the technique. Percutaneous biportal endoscopy is similar to a microendoscopic tubular decompression approach, with the advantages of easier bilateral foraminal decompression as a result of unrestricted use of the tubular retractor system and less bleeding due to continuouspressure saline irrigation.
A higher risk of dural tears is one of the disadvantages of microscopic and microendoscopic tubular decompression decompressive surgery. 5, 10 In comparison, PBED allows the surgical field to be viewed at high magnification, and the fluid from continuous pressure irrigation enables slight compression of the dura mater and widening of the contralateral epidural space during procedures (Figs. 4 and  5) . Therefore, we suggest that contralateral decompression may be easier to perform and has a lower risk of dural tears.
Interlaminar endoscopic decompression surgery can also result in complications such as dural tears, epidural hematoma, neural injury, and inferior facet fracture. 12 We believe that it may also be more difficult to manipulate surgical instruments, such as the punch and high-speed drill, compared with microscopic surgery, and that there is a longer learning curve for the 1-portal endoscopic system. The concept of a 2-portal endoscopic system is different than single-portal endoscopic interlaminar decompression surgery. Two skin portals are made: one portal is used for the endoscope and the other permits entry of the surgical instruments. Therefore, the endoscopic system is similar to joint arthroscopy and uses a triangulation approach (Figs.  1A and 3) . The 2 portals are ipsilateral and the endoscope meets with surgical instruments at the interlaminar area. Therefore, handling and movement of instruments is unrestricted, similar to microscopic surgery. Standard laminectomy instruments can be inserted through the working portal. Therefore, the organizational format of the endoscopic operating procedure is similar to open microscopic surgery, but without retraction of muscle. Unilateral biportal endoscopy enables a good field of vision of ipsilateral and contralateral spinal canal anatomy.
During the PBED learning curve, operation time was long, and the volume of irrigation saline was much greater compared with those of more recent operations. Although continuous saline irrigation enables good visualization and reduces intraoperative bleeding, excess irrigation may induce meningeal irritation and consequent headache. 1, 7 In this study, 2 patients complained of postoperative headache and neck pain without CSF leakage. Fortunately, postoperative headaches did not occur in patients who were operated on more recently in a shorter period of time.
In this study, we were only able to assess and follow up 66 patients. Therefore, the results cannot be extrapolated. To improve assessment of the clinical outcomes of PBED, a larger number of patients should be studied and followed up. 
conclusions
The anatomical view of PBED is very similar to that of conventional open surgery and allows for good visualization of the contralateral, sublaminar, and medial foraminal areas. We suggest that PBED may be an alternative and minimally invasive procedure for treatment of degenerative lumbar stenosis.
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